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(54) HIGHER HARMONIC MIXER CIRCUIT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a higher harmonic mixer circuit . 
which is suitable to an entire integrated circuit and is not easily affected by 
the temperature change by supplying a 1st signal together with the 
prescribed offset voltage and also a 2nd signal and acquiring the multiplied 
output of the 2nd signal and the signal having the frequency double as high 
as the that of the 1 st signal at a pair of output terminals. 
SOLUTION: This mixer circuit includes the transistors TR 31 to 38, the DC 
voltage sources 41 and 42. the current source parts 45 and 46, etc. The 
voltage obtained by subtracting offset voltage Vk from voltage VI (t) of a 
1st signal SI is supplied between the bases of the 1st and 2nd TR 31 and 
32 and also between the bases of the 5th and 6th TR 35 and 36. On the 
other hand, the voltage obtained by adding the voltage Vk to the voltage VI 
(t) is supplied between the bases of the 3rd and 4th TR 33 and 34 and also 
between the bases of the 7th and 8th TR 37 and 38 respectively. 
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$-«t^> miso:m2 (m3ai;m4) cdk^vvx^ 
«&$*t. m-iS-if^z (msai/me) (Oh^i/vx^? 

5f4iT. -3^<Dtll*^^-4 7 A. 4 7 BA<)^fiE$*l,S„ 




I 



ff^fiE-r-smi Jti;m2CD h^i^vx^i. x.zv^tmm 

h ^ > V X ^ A<iS It t, ;|xfc 1 1 -c . 

±ia» 1 jSLism z(o\-=?>i>7.i'(D^^(D^—7.ms.is 
±i2m 5 &i;m 6 <D h ^ >i?x ^« (7)*>!r©'<— xfai=. 

±iBm 3 ai;^ 4 CD h ^ > v;^ ^' ro*-* (D'<— xrpi&ix 
±lBm 7 8 a> h ^ ^1 CO*-* ©'<— xHic. 

±lBm 1 au:^ 2 (D h ^ > vX-5» (O^Jim ^S^tfcx 5 
♦y ^1 Si;±.l5m 3 su:® 4 © h ^ ro^tiiggJ * 

■y ^ so:±fe« 7 ai/rn 8 h ^ > v^x © ^atggs $ 

r 3SS@ * ix -5 - *=K0 a ift mSS * * ^ i: * -li- -S - *t (D m 
±fE|g1, m4. m6S.l/^7(D h7>v;x^iCD*'^(D 

=1 ^ jb<jtiiitggi^*tTm 1 (Di^&iim^AmfS.^H 

^tti,\Z. ±IHm2, Sg3. m5Xi;m8<D h7>i? 

[lt«^2] mi SU:iS2a)h^>vX^(DftffiJgS^$ 
tifcxs •y^S.u:^3S.u:S4ro h^>i?x^roftJl}g 

SSiB^-lc, m2(D^f-^(Dm)±*<:'ct?fe-l)fM>c<!:^?:h.€)« 
afi<t±ieB2a)<i-^<DSIEA<:^T-fc'S>S'hi: $*t-5^;7it 

sijcm 6 <7) h ^ >-:?x^i a)#ta«^S+ifcx 5 ^ ai; 

te$+LfcS2(7)it-^©l:l±A<::»cT-fc-S)S;*ii: S^^SaS 
t ±ffi(4ffise $ 2 roiS^omiE t? fc 4 S/h 

[w*«3] m2<D«-§-A<^«E«-§--c?feor. 
•^o^asaro 2 i§©s3Sta t ±12^ 2 ©m^ro^sijss 

sat A<llfffl*llc» L < C t ^ 



1 ^fc(i2feti(0isisss5*-y— iHiK. 

« 1 $ li 2 IB«<7>Sia» 5 +-y— ESS. 
[000 1] 

[0002] 

«#^^-®Sjfiia<i:SgSII««#(DJia£ai:(DM©Jl;fit 

a^^Lfc*rasas<i#i::^^-ri.. x-z^-'^t^d^t 

-r >Sft$ff-54«©*<^3iEi:'5:oTl,^-5. ^©Jza^PX 
— /N'-'s^ o >g{f icii, •< p< — i;ttS0)Pp1S*<<2|^ 
L"». ta>m$R(atztb^ X— ^T^D^r-f i/g{iA<fft3 

JlftHlc 33 It -5 SISSP® 'Mg<bi-3it^ * # fc-r t ® i: JEf 

So 

[0 0 0 3] -^-tlf*^. il^Jifi^fCfcMt-SS^iSfCDJ: 

^ t- ^ ii i: t ^mm^<D^^}Sim ^^tmL 

5=^r-9— lalK(=J;oTS<HS#^111*l='<-x/N-> 

'nt>H^m-^{at. X— -^T^^p^c-f >a«*m*:>:K 

[00 0 4] i,t}-^LUA<^. mi^i^yD^iz^^^mi< 
^^sm■^a)^S3l;•s^a^ai:^LL^s3^a**L 

^i.r. g ^mmz^^=Fm<± i: -S) <i: -5 PcgiiA<$>So 

ck S§« ^ ^T 5 1:: fcfr y . g1Ht-^$ '<-X/ x- > SMl^ 

(c^^-rs5=!F-y— HK^. mi cDfi-§-<tm2a)fi^i: 

A<tt*&$*l.Ts mi «)«#ro^;SaO)2<g(D^;^ia$^ 
-lel^lc. S(iiI-^©S;jSa©1 /2©^iKa^*Lfc 



1 



' [0 0 0 5] 051*. ±j$0!)50<a>ltt8ll£SI^5ilCj:-5 

Sigpi aai/te^SPi 4(z. S^x$«:fi 5i:BB 
[0 0 0 6] -tLT, ^'Tit-Kl 1 t^if-r':t-Kl 2 

-^s 2<7)=&>* i±iE5^;t«^-efc-pr. m 1 roii-§-s i © 
^;'Kgfca)lA<|g2(D{t#S2(7)SS?i[!ia)2a)1/2 (o) 
1=0)2/2) t^^x. Ss»;^5':?i 5ai;iB«t 
6(D±^<D^^it. ISi rofi-^s i (D^m(0 1 

2 ©aSftO) 1 / 2 ic^i^f i>. 

[0007] C0)<t5^Ct<t-^. ^1 a)«-^S 1 <DSI3E 
VI (t) Si;m2CD«^S 2(D«I±V 2 (t) (±, Tffifl) 

1 & l/lil 2 <7> J: 5 ic 3c, b t:) $ ;h. o 
[0 0 0 8] 

[Sa 1 ] V 1 (t) = V 1 • cos (oj 1 ■ t ) 
[0 0 0 9] 

[ia 2 ] V 2 (t) = V 2 • cos (o) 2 • t ) 

[oo 1 o] ±nm^RUS^^(ztsl^x, u)^=^ ■ n 
•f1, aj2 = 2- ;r-f 2-Cfey. ^fc. v 1 » v 2 
T-&or> <5i]:^fi. •5^'-^'5^— K1 ^JSLlf■^ 2(D^y^<Dm 
:^|Sia)i^V f t LT. V 1 =7"2 • V f i:$*T.-5, 
[OO 1 1] Si^X^rS^I 5(*. miO^S-^^S 1 ICS^L 

mi ©«-^s 1 ics^Lri±s$&i^sst Lrftfflt--5(D 

-C, :t- K 1 It ^'•-1' :t— K 1 2 i <Dmm^(r>- 

1 1 ^f-f 7i— K 1 2 1 (Dmmm<D^^u i 4 icgi^ $ 

Hfzm^^~^ sm\zmtiii-h:itU<, -S'*'i':t-Ki 1 
.t-S^-fJl— Kl 2 t©3fe?iJtSi^CDii5iSFB^. IH^, -SSSP 
1 3i:<te^gpi 4i:fl)PB'5lcEpiJ0$*i-So -t^Kc^y. ^ 
-r^-Kl Ity'T^t— Kl 2 ,!:(D3£5i)}g^$3St+L-5m 
Sftl dp(t)l±. Tt2<Diat3<DJ:-5lrabt,^$4x-6o 
[0 0 12] 

[gfeS] I dp(t)= Is- exp IV 1 (t)/VT ) - I s 
• exp (-V 1 (t)/VT } 

[O O 1 3] ±fB§Jl3l::fcL^r. I sli^f-Y^- K 1 1 
RlS-i 2<D^^<D^y3tSi^^M^iV^i'J . ^tz. VT I* 

[00 1 4] y-f^— Kl 1 ty-f:^— K1 2i:(D3fe5iJ 



mmit. ^ijii>mti^mt^t^t(Dt^*itz»iKm=f-t 

#jL&*t. -E-OlSM^^bStaR d (t) I*. TlB<ca4a) 
[0 0 15] 

[1841 Rd (t) =V 1 (t) / I dp(t) 

[0 0 16] eii, «i©(i#s 1 

(D^jKtftcu 1 (D2{S(DSjffi§Iw2^^Lfcm2(Dii-§-S 
2lcJ4LTfigfl«li^K<t: LTf^fflL, S$S:^^':? 
1 51*. m2<Dfi-^S 2lr«LTI*^SK^Ki: LTifffl 

-r-S. Stair. ^3— i? a -TJU 2 01*. S|2a>(I#S2 

- K 1 1 i: y-f 7l— K 1 2 t a>3£5ijm^<7)fifeSffigS 1 4 \z 

ffl#3S-r>f-5ri/x 1 9^ai:rtt*&$ti5m2a)« 
^S2f±. Ki t^f'fzi—\i^ ztoittJtm 

ss^ai:rs$sx^:f 1 sicgiEttj-r-s, 

[o 0 1 7] cz-e. y-f ;J— Ki 1 i^^'-f^— Ki 2 
(DM9J^^$Slfi<I^1b%taR d (t) Ltzt&mm'i- 2 
1 t LT#?L4t. «-^3Sl 8A^t>(Dm2<D«^S2 

f*, ll6lC:^*tl.-l.iiD< IC. «-f-;H-Ot°— 1 9 
<!:«tn;^^=-2 1 i:lcJ:^^EEIa]K(ctt*SS*i^C t iCJjf 

-So ^-LT. «tt:*^-2 1 o>i55a«Hir»e.*T.sm2<c(g 
#s 2lc-^t^r©^J•ffiJ^g^^^s d*<. ^a— ^73'r;u2o 
sai:. *a[tu*«#tLTta:b^^2 2i=«ai*;h. 

[0 0 18] <i-^3S-r>e— ^>X1 9tjtta«^2 1 
<!:lcJ:>g,:}j')EtilSSlcfclt-Sjgfitm^2 1 ICOL^T<7)»l^ 
ttN(t) I*, ft#3^.-f ^e-5075.1 gWfil^RstL 

[0 0 19] 

[Sfc5] N(t) =Rd(t) / (Rs + Rd(t) ) 
[0020] JSta^T- 2 1 (D16fi<)^^b«ta R d (t) (*. 
l3^4!!)^GLrs m 1 CD«-^S 1 (D^jfiiaaj 1 (D2fg(D^ 
ifta (2 -tol) *tor^<b-rS(DT?. ^^lEltN(t) 

tmi ro^t-^s 1 om^^u) 1 <D2isa)ji>sst (2 • £j 

1) ^t-oxmt-ti), 11171*. ■(t-§-31'l'>t°— Si'^X 
1 9©jgJjifiSA<5 0 QT?S>^J^^|rfc(t-5:«-EitN (t) 

^n^^ior^L. micD<i#s ia)mEvi (t) ^ 

[00 2 1 ] -5-LT. {i-^jH 1 8 A^t.CDm2(0^f•^S 2 
AMl-^aS-Of-'^'VX 1 9 i:tSJJi*^2 1 t{zji^^ 

|-f#b4x-sm2 0«-§-s 2icoL>r<o»J±;S^}s dcDm 
avdp(t) I*. Tiea)§ii6o>j:5ic3&t)*?$*t-So 

[0 0 2 2] 

[lae] Vdpft) =V2(t) -Nrt) 

[0 0 2 3] »^hfcN(t) I*. SiSWlrl*Jl;-gEIS^2 • 
cu 1 , fin*., m 1 Offi-^S 1 ©^jSiSw 1 <7)2^$i: L. 
T^i— x-f • 7 7"J7^^ 5 0%<!:-r-S5Uga5/Ou;^;'Kff$ 
^Wr-5m^(!:<i:-5©T'. ^j-JIfiE^i- S d . an*.. ai:*iSi 
^■2 2iz®aij+ii,^S:tti*(i^i*. miroft-^si© 



tmn^*ixmihn^imttj:i>o [0025] 

[0 0 2 4] ^J§J±N(t) lrol^r<DSSM^^:?§f^;'K/< [a?] 

NdJ-l/Z-S s'in(n-Tr/2)*cos{2'n-u>l' t) - 2/(n-n) 

[O O 2 6] Sta^^2 1 (D 135 Pell b^i-SB feb+?$+t-So 

2(D{i-§-S ZlZ'Ol^XCD^KfS.'^S dV&^mnihME [0 0 2 7] 

■^CD«EEVd p (t) (i. mmi^iz{tTt^(Dm8(D^5iZ [IfcS] 

Vdp(t) 

fl/2 -Zsln(n-Tl/2)-cos(2-n-U)1-t)-2/(n-TX)] 

• v2'cos(U)2m } 
= v2'cos{Cx)2't)/2 

(sin(n-TT/2} • v2 

•[cos{(2-n*U)l -»-W2)' l} 

+ COS {(2-n-a)l-(jJ2)* t) 3)/(n-lT) 



[O O 2 8] ±IS§ii8lrfcL\r. n = 1 ^^?;tX'S<b#. 
[O O 2 9] 

— K1 2i:(D3E?«S^^(Dffi^fiPlc. Stga 
l/PSfX^r ^" 1 6a)*/7li. m 1 0)11^3 1 (D}&S:(D 1 

^si3b<. isij^ii. m^mnmtiiy^'Tixizmi^i^^x 

[0 0 3 0] ^/c. EI5^Z:^^^^^^«£*^S^4^Tt^^ 

V 1 7b<. m^\i. rz ' V f (V f fiy-r:t— ki i 
i;i 2(7)^/7CDil:^fS]SE) <t 3?*LTi>'i);b<. lii:^fS]m 

KVffi. ii^. -1. 5mV/°CfIg<D;gS 

tcDit3&So fi£or. <sr-|ii:*ip]®JEfilv f 

li. -2 0**C3!)^^8 o''c^T-^D;g^^{b®Slcfct^r 
I*. IIl:^|pjeJEV f ;()<1 5 0mVt^<bLTLS3C<!: 



s2ics^Lra)ft-^;TS-r>e— 'S'^xi 9<j:»tA^^2 
1 (^f^5l--Kl 1 t^^^-^^-Kl 2 tcoafejtjifgi) t 
rcj:*^Ji±iHis&irfci+i)ffifiim^^2 1 ^c-^l^ra)^l±tb 

N(t) ;?)<::^41(c^ift-rSC(hlc^foT. •^(7);^)f^;!)<. ^>J 
^(S. Iil8ic:^$;h.>g>ja< . T^iL— ■ :7t^^$5 

mtmmizm^H^'Bzom^s ziz-oi^xcD^T^i^j&i^s 

d. H]^>. ^3— <7=I-f ;U2 0^ili:raJ*iS^2 2fC 

[003 1 ] mt^^j^jzm^. ^m(Dmn^^(Dmm\z 
fcfgB-Bii. m^<om^tmz(Dm^t^}m^^*lx. m 

1 <Dm-^(D^;:gf^(D2fgCD^;*d^gfe^^Lfcft-l-^m2a) 
it-§- it CD aj ^1 ffi-^ AM# ^ H >& t O ^ * ;tx -5 1 :i fe 

±tt:0«a[H]£S^bl::»5Sr'fcor. ;giSg^<b 
<75^S ^ S 1+ iSL^ ti t * *L JgiSa^ = 4^-9— lEJK * S 

[0 0 3 2] 

[SS^«l;*-ri)fci6o^lS] *ilcD*#i*i»*cD®Hic 
fcl+Slf353® 1 A^e>if*]S4*7?(Dl^■r*^AMcfB«$^^ 

m^^xm 1 cDMij[i*4^ff^f$-ri)m i Rifmz(D^^> 
i>7.^. n^y^tmm^m^Hxmzommn^mfS. 

^^xm3(Dmmy(i^m^i-^'^sRume(D h^>v 
x^. jstLf^. j^^v^f)^i^mm^*txmA(Dmmii^ 
}f^i$-r^m75.i/m8<D H^>vx^r*<sit&*L. mi 
<z)Miss*^j^ja-r«>mi si/m2CD h^>vx^^(D*>:7 



I - J: o r S^iS Jh, S - *f © Sift ^3IE $ * ^ i: * # -5 
ffiSte*tif=ll 2 (O^t^lc <fc •3-c^li$;h.^-5ya)Mtii 

ass ^ i: * ■t+-s-s*cDm;-3ftJS^ic*^jgg! * tu^ 
t<D<t:$+i-5. ^-ur, mA^^=ttX'^ mi, m4. m 

©m 1 &i;m 2 oi^mmmi^t^. m 1 ©m^osseis© 

[0 0 3 3] C(7)J:7l::^fi£*+i.-5*M«)#i*it^CD® 

}g«^^+if=x= -vi?, S.u:. m2©Mi!iS*^Jf^J«^-5m 
3Xi;m4©h5>i?x^f ro^tJiJ* * *Lfc X s ^ 

h^'-/vx^©^tiij£a**vfcx5-y^f. xt;, m4© 

iiS^+Lfcx5 -v^i^. m2©{t-§-(rJ;or^P$:h.fc- 

^>vx^»©*>tr©'<— xra&l^Sgs&t^me© 

PBiJti;m 7 sif m 8 © h ^ > vx ^« ©*>sr ©/^-xra 
ic. m1©^i•^©SliA^e,Rl^^©:t■:7•fe•y h-mnA^^i: 

[0 0 3 4] -&;h.{cj;y. mi ©ai!)S*^«5fi£t--S)mi 
xi^m2© h^:/vx5i©5*>©mi © h7>i?x^». 
m2©gii*f$}Kri^f *m3&i;m4© k^^v^x^^© 
5*.©m4© h^vi^xi?. m3(o^W}mimjs.-r^m 

5S.l^%6<D h5>vX^t©-5*>©m6© h^>vX 

xt;. m4©iii!i*t$f^^-r«)m7Rt;m8© 

>v?x^f©-5*>©m7© h^^vx^ros^/!?©!: K7$( 

iisit©E?Qi:. mi©M«)j^^»^fiE-r*mi&i/m2© 



hv:^i?x^'©5*.©m2© hv>*:?x^. m2©ai6 
***jKfiK^«.m3xi;m4© h^>vx$t©5*.©m3 
©K5>-:;x^i. m3©Mi!)*t^}KRE-ri)m5si;m6 
© h^>vx^i©-5*.©m5© i-'^^s^x^i, SI/, m 
4©MKij^*}efi£-r-5m7 2ii;m8© K^>i?x^i©5 

•^©m8© h^>i?X4f©*>!7©=i U'?^^35©^jfOi: 

©M©mssi*. mi©ft^©sjKia©2<$©sasis$# 
-r i m 2 ©«-^ t ©^w^s ^ t © t * 
4x5. ^-UT. c©mi. m4. m6ai/m7©h^> 
i>7.^0^^a>ziO<?^m^(DB^tmz. m3, ms 

&l/m8© h^>vX-S»©^>*©3 U-i7^'S3S©^fPt 

©M©aj^tii, -«©ai:tiag^i-«aj$4x4„ 

[DO 3 5] filoT. *S©**fHi*©lEHI= felt -Sit 
^« 1 A^ ibit*« 4 *T'©t^-r^t7!)M-IBtES;hfc*B^|Z 
<^Si«Pjfi5+-9— I51S§(cfco-Cli. m 1 ©«-§-A<P/rS 
©:i-37-b-> haS^#oTttl&*^l^t,!:t,<cm2©<I 

^A^tti&^+ir. -*f©ai*^^i=. mi©ft-^©jaaE 

gfc© 2fg©s;:Kis** Lfcffi^tm 2 ©«^<t ©s»aj 

mi ©Mi!j*=f5JK^-r-i)m i si/m2© h^>vx5»© 
#%ismsi$4xfcx5-v^«. 'mz<j>^mn'^mfs.-t^%3 
st;m4© h^>vx-s'©^tji}gi^$;h.fcx = -^/^i. m 
3©Mi!)«^ff5j5E-r-sm5s.ixm6© h^>-vx^©ft 
ii«iis$*tfcx5-y^. at;. m4©Mi!i>^*»5^^-§) 
m 7 jtr/m 8 © h ^ > -:^x ^1 ©*iissg $*tfcx 5 

y. mi ~m4©ffi!l*^lc^>l^■cgB1t;•Kl::<fc-5^i*A« 

[00 3 6] ;i©J:3'5:*S©#l*»*©eHI=d3l+i> 

= (alKli, BBtex5':?JiL(:®$SX'S» 
:?©l^■r^^=t,^ix.S^ei>SA<^EL^©r'. ■t©^t*:©»«Iil 

y . y-f =1-- K©iii^iR]«i±©sjs^<bir .fc y sifiEia^ 

[0 O 3 7] 

immmmmm^ m 1 1*. *M©4ti«s*©®H(c 

[00 3 8] ai l=5i$4t-5^JI-fcL^rtt, x5«y^»A< 

^ti®tgg^^?*irmi ©sii!is^^ff$fig-ri)mi © 

x^ 3 1 &i;m2© h^^vx^i 3 2. JL-v^t^^m. 

«8i$*ir m 2 ©Miftw^j^fiK-r sm 3 © h ^ >i?x 

3 3&i;m4© h^>v;x^i 3 4. xS-y4«A<*jltgi^ 

^ixx%3<r>m.Wifi^f(ifS.-t^%5(r> h^^i^x^f 3 5 
&i;m6© h^^vX^i 3 6. jslU. X 5 A<ittJitt 
^*+irm4©Sift*=f$ff$J«f ■5m7© h5>i?X^« 3 
7SI/m8© h^r^vX-? 3 8A<i6ltb+lTt^■5„ 
Sromi ~m8© H^>vXi» 3 1 ~3 81*. ■€-*tP)© 



[0039] n^(Dmmii'^1&fS,^i>m^S.lSm2(Dh 

m^om^s 1 $^-r^<i^3i4 0(h:tr7iz*:/ hmffv 

Sfc. m2(D^«l*r$}f^i£-rSlg3^l/^4C7> h^>v 
X^? 3 3Xi;3 4CD#/7(D^— XPa. ^40)^1) 

*^^jf^j$-r^m7ai;s8CDh^>v^x^ 3 7;sti/3 s 

4 O t:tz^irv hmi±V k S«$£-r«)iSS£mS4 2 

[0 0 4 0] m i C0lt-§-S 1 li. -(9J^(i. 1 ^ 

:&LfciE32;1cfi-^-Cfcor. ^a^SEV 1 (t) liBUii&tT) 

l/m2(7) h^^vX^i 3 1 JSLlfS 2(7)«•/^0^— XPflS 
l/ms^tf^mecD h^>vX^? 3 5:5^ 1/3 6(D#>57<7)'< 
~xFe1lcitaizig$*ifcffi^;lS4 o tm^imMAr 1 <t 

fi. m^3i4 o 1 oit^s 1 (Dmi±v i (t) 

^^^ztiztji^^^^ij-DX. ^t5lJ^^i^^F^^Tt^^o 
^^Lizcfcy. mi;ai/m2(Dh^>vx^3 i;ri;3 2 

<;)®EEv 1 (t) :7-t*v hmsv kA<3ai:«ittr# 

[0 04 1] m3Si;m4<7) h^>i^X^ 3 3:r 

;1S4 0<hIi:3ftS3?v4 2 <h:l*. «-§-;Jg4 0;!)<S|-r^m 1 G> 
m^S 1 COmBEV 1 (t) lcfiatm3S4 2;!)<«$g-r«>:*-:7 
hmJ±V k;()<^?n^»E>ti^c<hlr^f^^^t±^ t oT. 

>i^x$i 3 3;ai/3 4(D^^(D^—:^mRxsm7JSLum 

icl*. m 1 CD^t-^-S 1 (DBIEV 1 (t) fcrtT'-tr^:/ hmE 

5 o 

[00 4 2] *fc. 01 +1-5^1= -DTI*, 

5 tm3iE;T§a5 4 6 i:A<^(tt)tl.TL^-5o m2a>«-§-S2 

-r-&satssw2^*LfcjE3£2S«^-efeor, ^-comE 

V2(t) l*iiI2Ea)IS2(Cj:y fcP>t>**l4t©t*+l 

Co 0 4 3] m3S31SP4 5l*. ®3iESai^4 5 A&i;4 5 
B^^LTfcy, lt-§-3l4 4A<f6-r*^2a)fi#S2|C 



SiEI 2$. «3JESS^-4 5 AXi;4 5B»C*>!?±i:$-a- 
-So 114, ^Xl*. S2(D^-§-S 2«)SKV2 

(t) ii<:kX'^^m:^t^ii. *f=s SSSti 21*, CiJx. 
I*, m2<©«^s 2<Dmi±V2 (t) *<:*:T*fe^S/ht$ 

[0 0 4 4] -tLT. B3S3iSP4 5lCj3lt-5m3iE«ST-4 

5 ARt/4 5 BICI*. |g1 (DSlljPt^ffJfiE-^-SSl 
m2<7> 3 1 &.IS3 2<D'S-^ir33lt^ltaS 

mS-%^<D h^ViJX^' 3 3X1/3 4<©^4?(-JjltS^ 

J:y. ft®g^$:txfcmi©h^>vX^3 1<DX=-y 
^«&1;Ib2<D h^>vX^ 3 2a>x5-y$i|c|*S3Sl 1 

3 3CDX = -y^Rl/m4(D h^^vX^f 3 4a)XS 
<v^'l-l*a3it I 2 3b<5i'sgLT3S*t-So 
[0 0 4 5] l|S53iSP4 61*, «5S4ifi^4 6ARi;4 6 

B^^Lrfcy. «-^as4 4 7!)^fe-r'Sm2(7)«-^s 2IC 

Siti 4^. msit4ffi^4 6 A^iu:4 6B(-*>!7^i:$-ti- 

■So *§si 3(*. •gij^i*, m2©«#s 2(ommv2 

(t) t<±X&^n'\-^t^^. ^fz. m^Ll 41*, 

I*. m2(0«-^S2(©miEV2(t) A<:*;T&-SS;*:t5? 

[0 0 4 6] -tLT, «3fE3S«P4 6ICteltStt3a^^4 

6 ASLf:4 6 BJCI*. |g3(D^KM^}f^J3E-r-5*5&U: 

JSLlSmsO) h^:^vX5f 3 7S.IS3 8©S-^l=fc(t-5ft 

"^RlfmeO l'^>i>7.^ 3 6 0X5 v^ilCttasiE I 3 

3 7 0)x= -v^ 1/1^8 0) 3 8(DX5 

y^lzitmSll 4 3!»<5j-3itLr3£^x-6. 
[0 04 7] 131 ir^$tii,ff!l(cfco-Cl*. m 

i©affii*r^ffj^f •5mist/si2(7>h^>i?:^^ 3 1 

Rl/3 2<J:)5*><D%-\ tDK^>i?X-$i31CD=lL/-?-Ji. 

m2wiii!)?*^«jjiE-r^^3&i;^4co h^viJx^i 3 

3&i;3 4(05T&<75^4a) h^>-:?x5« 3 4 ©3 

^f. f^3<D^Wii^^i&j3i^i>^5S.ume<Dh=p>i>^ 

^ 3 5S.J/3 6(D3*>0)^6<7) 3 6(0a U 

^^i, jti/, m4©*»M^fi^fi6-rsm7&u:m8(D h 

3 7ai/3 8a)5^G)^7<D 3 
7(DziU^;4«A<#tjiSgE**l.T, ^-OT^agl^^.A^t)* 

:^|3S^4 7 AA<^tB$tLTL^'5o Sfcs mia)^ib*4^ 

fljj3£-r-5Si si;»2(o h5>v;^^' 3 1 &i;3 2053 

i&©^2© h^>S?;^4i 3 2<D3 U^7 5r, mZ(OmWiM 
i:1^^-r^^3S.lSt^4(D h5>i?X$f 3 SSJ/S 4© 
5*.fl)lg3 0) h^>v;^^ 3 3(D3 ^4<DMi!l 



[0 0 4 8] ZOJi'oUijtV. ll/^;lSgP4 5 <J:S/lSt3S 

4 4;&>?,(DB2a)fi-§-S 2a)SBE/l<OT?fe'5t#. SSS 
II. 12. I 3Rlf I 4(D^^ tl^X^^iW^il 
^±L. ^tz. m^il 1. 12, I 3:RI/I A(DJi^f&\:i 

So 

[0 0 4 9] m/^L3ieii4 5lCfclt-51:?lSt5fl5^4 5 A;5^tr 
4 5 Brz^/7#P,*tSa3E I IXI^I 2<D*/7(D(iI 1 

(t) :ri;i2 (t) mss3gsp4 6izfcitsmaEiffi^4 

6A&l/4 6BlC*/7|#f>tlSS3Sl Sai^ I 40)*-^ 
<7)fiI3(t) ^i;i4{t) ttt. TiBOiSQiCcfcoTfe 

[0 0 5 0] 

[SJ[9] I 1 (t) =1 0/2 + gm ■ V2 (t) 
I 2 (t) = I O / 2 - g m ■ V 2 (t) 
I 3 (t) = I 0/2-gm • V2 (t) 
I4(t) = I 0/2 + gm - V2 (t) 

[005 1] mi --%S(D K^>i^:^^ 31-3 8(7)* 

E^VT (Vj =k ■ T/q, kf*7H;U*V7><Sgft. T 

(*$es*;sg. q fim^co^tem^) ^-rst. tsecdis 

1 OlCci:y^*^xSgHS7&<J3E3:-r-5o 
[0 0 5 2] 

I cd(t)= ( I c 1 (t) + I c 4 

- ( I c 2 (t) +1 
= 2 ■ g m • V 2 (t) 

- C tanh I (V 1 

-tanh { ( V 

[0 0 5 7] CZT?. ±iHli1 2lcfc(t>& tanh <7)il^ 
TiecDSj 1 3 (C^^+L-S^Q < CD. m 1 <D{I-^S 1 CDmBE 
V1(t) t:^y-)zv \^m.ELy WtOm^F {V1(t). 

vki t-r-Sc 

[0 0 5 8] 

[Si 3] F {VI (t) . Vk) = tanh I (V 1 (t) 
-V k) /2 • VT 1 -tanh { (V 1 (t) +V k) /2 
- VT 1 

[0 0 5 9] m^F IV 1 (t) . V k} li. m7.\t. m 

2lC7F$+L>5>Jzp<. hai±Vk;b<VT 
±Oii^. mi COlt-^S 1 (DEEV 1 (t) (D^t^^lE^ 
<DS<b(Z#or. O t-2i:(DPBTS2ln]S^-r*o -^-L 

r. m 1 a>«^s 1 {-tmiSi^ui i s*LfciE5£;:fi^if-^T* 



[lai 0] I c = I s • exp (VBE/VT ) 
[0053] CticfcyUT. mi --^80) h^>vX^ 
3 1 -3 8(7>*'<^^ZOl^r<D=l U^^®3ft I c 1 (t) , 
I c 2 (t) . I c 3 (t) . I c 4 (t) . I c 5 (t) . I 

c 6 (t) . I c 7 (t) SI/ 1 c 8 (t) 14. TiBa>a 1 1 

[0 0 5 4] 

[ia 1 1 ] I c 1 (t) = I 1 (t) / [ 1 4- exp {- 
(V 1 (t) -Vk) /VT } 3 

I c 2 (t) = I 1 (t) / [ 1 + exp { (V 1 (t) - V 

k) /VT 1 D 

I c 3 (t) = I 2 (t) / C 1+ exp { (V 1 (t) + V 
k) /VT 1 3 

I c 4 (t) = I 2 (t) / [ 1 + exp {- ( V 1 (t) + 

V k) /VT ] 3 

I c 5 (t) = I 3 (t) / C IH- exp f- ( V 1 (t) - 

V k) /VT 1 3 

I c 6 (t) = I 3 (t) / C 1 + exp I (V 1 (t) -V 
k) /VT 1 3 

I c 7 (t) = I 4 (t) / C 1+ exp { (V 1 (t) + V 
k) /VT 1 3 

I c 8 (t) = I 4 (t) / C 1+ exp {- ( V 1 (t) + 

V k) /VT } 3 

[0 0 5 5] ai*iS^4 7 AlZfi. =1 U^^^m/lS I c 1 
(t) . I c 4 (t) . I c 6 (t) Rlf I c 7 (t) CDfPA<3SE 
+1. i±i:tj5g^4 7 Birli. a U':7iS'S05t I c 2 (t) . I 
c 3 (t) . I c 5 (t) RXS I c 8 (t) (D'^t^yk^^o 
oT. -*tCZ)ai:^4fl5^4 7 ASLf^4 7 B(Ci#i^ttSMlfi 

as:^m3Si cd(t)f4. TiacDSfci 2ircfcyfc?>*DStt 

[0 0 5 6] 

2] 

(t) + I c 6 (t) + I c 7 (t) ) 

c 3 (t) + I c 5 (t) + I c 8 (t) ) 

(t) - V k) /2 ■ VT 1 

1 (t) +V k) /2 • VT ] 3 

fcSO-e. lV1(t) . Vk] IIl3(Cfct>T 

ll$t(::J:y7F*:KS*Q<lc. ^KSftoj 1 <D 2m(7)^;Jg^gil 

[0 0 6 0] ISOTlfS. mi 0«#S 1 (DHHv 1 ;b<. 7^ 
:7-tr^:/ KEEV k(7)7"2f& ( v i =y2 ■ v k) icg^ 

Kmi±Vk;!)<VT O 2 J: y 
&4<fc9(::*+LSi:. Si 3 ic cfcoT&^,t>*+t«)llia 
F {V 1 (t) . Vk) 1*. O t-2 tcDPBlCDlI^jSyil 
LtSCctlc^f-So ^LT. m2CD{t-^S 2liia;K^aj 
2^:&LfciE5£;fi^i-^-efe'g>a>'C. !Sai 2(cJ:oTfe»^> 
*:>**L-&Siftai*m/75l cd(t)!4. TfBOSS 1 4(zn^$ 

:? — y X ia ^ t o r +p tL s o 

[006 1] 



[Sfcl 4] 



Icd(t) = 2-gm 

• { Ssin{n-Tl/2}-cos{2*n-tiJl-t )-4/{n-Tl)-l I 

• v2 •cos(a)2* t ) 
= v2' gm 

• ( S sin{n-TT/2)- u/io^ji) 

•Ccos ((2-n-U)l +U)2)- t } 

+ co5{(2-n*U)l-U}2)* t } ] 
-2-cos(U)2* t ) ) 



[O O 6 2] JilBSJtl 4lcfcl^r. n = 1i:S*tSi: 

CD 2 f& 0 ^ ^ -i) «^ <!: m 2 Ofi-^ S 2 i: (D 



[0 0 6 3] 
[^1 5] 



I cd(t) = 8/7r • gm - v2 • COS (2 • 6J 1 • t ) • cos(a) 2 • t ) 
= 4/'7r • gm - v2 

• [cos{(2-cj1+oj2) -t} 
+ cosI(2-ai1— ai2) -tj) 
— 2 ■ g m ■ V 2 • cos (0)2 ' t) 



[GO 6 4] ±iJE(7)iP< ©Ell ic^^^t^^ijli. gfl&x 

-r«ife<D h^^-^x^ 3 1- 3 8. S/isai±^.4 1 jslxs 

4 2. m3it3fSP4 5:Rli:4 6^^^^T*1ii^E*+trl^S 
^V:^-KcDlli:3^Ip]al±(c«c#L^|:l^OT'. 

[0 0 6 5] 

« 1 7b>blS*]S4^-C?(7)t>-rttAMciBKS*ifcS£0Jf3lS 

-To C(Dll4(z:^5?H*aWi^^'Jli. m^\^7^^■^^^ 

{5iJlCfclt^It;7Smi±/®4 1 ;RI/4 2A<. 2M(DMKjt^^ 
i«-r h ^ > i^X ^ ^^fcBSSlc cfc o r «JiE ^ 4, (7) 



[0 0 6 6] gl4(C7F$n^*mi/S0iJ(3fcorfi. X 
S A^^tiigSiS ^xmmn'5:MfSit 4 N P N ff^<D h 
^>vX^ 5 1 2. ^tiiffigj$;h.f- 

5 1 &^ 5 2 (D*>!?<DX 5 $ lC^SISF*LfcSjS;TS 5 

3. h5>v?x^ 5 1 2(D*>^7(D=i u-:?^ 
icfjgi^ttfcffitfL^^s 4. 5 5^1/5 6^^^-e^f^/ie 

l&3*ff^J«t-*N PN}f$(D h^Vi^X^ 6 1 :Rt;6 2. 



SLf^6 2(D*>^7(Da U^^lz}g$j!5F;|x/i:JSfei^^6 4, 
6 5. 6 6;RLP6 7^^^'Tr]f^;£^^^^mfiESI±SiJ5 8 

2(7)^>i7co^— xPbI. h^>v^x^ 6 1 :&r/6 2 

<D^^(D^-7.fii(r>^^\:i^ m 1 CDit-^S 1 ^^-T-S^I 
-§-314 0;!)<5til(CgS|^ttTl>^o 
[0067] h^>vX5i51. 52. 61XI/62<D 

fc. ®.^;1I5 3^Lf^6 3(7)^/7(i^|c||KM?5i:Sffi/7ft I 
o^^^fSo ttt/i:m^5 4, 5 5. 64;S.i;65(D& 

k^^LTl^-So ?S3b\ (il4lC7K$:n*V c cfi. ^31 

[0 0 6 8] :i(D^ot6:^t'X:. S 1 <7)MK*t^ ff^/iE-r 
Sll 1 ^l/B2(D y^ly\y7.^ 3 1 ^^1/3 2CD#'^^CD^ 

-xpbI. ^ti;. m3 0M»!i>t**»^jiic-r*m5si;m6<D 

3 5SLI^3 eCD^-^CD^— XPellZli. 

^>f::S*Lr^tJllc. h^>vX^ 5 2(D=i ^ 

>s;x^i 6 1 (Du ^ ta>m\:Lm^ixhmmt^^^'^ 
*t5o m2(DMij!)?tf^3^fifc-r*^3si;m4(D h 

^>vX^ 3 3JtU^3 4(D#>!7(D^— XTbI. SI/. m4 

(D^is>t4^jf^iS-r'5m7:R 1/^8(0 h^^i^x^ 3 7:5^ 

1/3 8(D^>^7(D^-XPb1(Z|*. ^4xt,fCjtLrftillC. 
h^^v^X^i 5 1(7)3 U^^z it h^>£yX^« 6 2<7)=l U 

[0069] h^^vX^z 5 2(7)a U<7^'i: h^>vx 



• A^e>ll-t*&*i.smi a)^i#s 1 ©sav 1 (t) icS-:5< 
ai±vi' (t) 3!)^i^>J^-:7-tr•> K«iiv k' A<Mi:8tLr 

^^vX^i 6 2<D=i Ui?^' i:(»rB1l-^§^>^^■i>al±l*. <f 
#314 OANe,f|-t*-C,*i.5|g 1 ©it#S 1 ffimHV 1 (t) 

lr»-:><mi±v 1 • (t) f=:t:7Hz-v Kmi±v k' ma^ 
t.;t^r^#t.4^-5ttl±T-^5•5o --t?. SEV l ' (t) 
I*, «I±V1 (t) lcib^JLfcmi±T:feoT, TI2CD|gt1 

[o o 7 O] 

[^1 6] V 1 ' (t) =V 1 (t) • (Ro • I o) / 
(2 • VT ) 
[007 1] 

[gt17]Vk'=Rk-Io 

[0 0 7 2] Z(DJ:-5lw. m4lz^$iix^^Wm^m\~ 
3 1 20^>tr(75'<— ;^Fb1. J^Zf. ^3<D 

1 6ICj:orfc€)t>**t*SaV 1 ' (t) 3^1^^>g!t17IC 

J:orfc?>t?^^X-5^P-fe-:/ hllJEV k' A^M C t.:n.T 
»t,tL-5mEEA<tti^$4x. S2roMi!li=t$J^J*-r 

-xra. sr/. a4(7)M!i*t^}KfiE-rsm7jiU:m8© 
1' (t) l-gfel 7lzJ:oT&?>t)$+iS7|-:7-tr-v h^lE 

[0 0 7 3] m-ox^ m^iZTji^^^mti^m^miz^'D 

7. ^ 3 1 Xl^3 2<D#'!?0)'<— XFbI. mS. msroMSft 

(D^^tyWK— xPeKcli, |IMfi<Jlc. ii-^jg4 0A<^-r'5 
Ib 1 <D<i#S 1 CDWEV 1 (t) A''bP;rS®:t37-tr-v 
E3btal:t>4^■C^»t.^^-5«aA<flt^S*tl.-5^:<!:tfc. ^ 

^10:3 4CD=&^<D'<— xfel, so:. nA(Dmm>^^mf^ 
K-xwi-tt. sifiMic, fi#3S4 0A<f6-r4mi(»ft 

MSba^^fl^Bfe-r-Smi ~m8 0> h5>v?X4r 3 1 ~3 

8. St;. '^3it;^S|54 5 SI/ 4 6 ^#A/T'«fiE$+L-5ga 

[0 0 7 4] )Jfjb\ @4l=n5*;h.*m*t:«fiB«<*^ 
l=fiEffl**i-5ir|gLTI*, mMz^^H^miz-oi^xO) 
ljiW(c*>l^TiE'<e.*tfcCtA^t.Lr. SEEV 1 ' (t) 



<0li1SA<:t7-tr-:/ h«EV k' CDV"2<g|ciSS$*i, 
3t-7-b-y K^ffiVk' A<. mii, VT a>4<gJJl± 

[0 0 7 5] 

[^BjcD^mi J^i±(Di&B^A^t>B^t>3^)^^filn<. 
rFiS*<©iisHi=fci+sii*« 1 A^e.»*«4*-c©L^■r 

^ii^tt=tiz^2om^f)m^^iix. -M<Diiitii^ 
^iz. m 1 <De#(osasta) 2 te(D«iKgfcs* Lfcm# 

» 1 (Dffi#A<. m 1 ©M«i*t^ff$m-r-i.» i s 
i;m2<D h^^i^x^Ko^ffiS^^ttfexs-v^f. m2 
a>^ifts*sjK«-r^m3&T/m4<o 

ffst^^ifcxs -v^. m3©Mi!j*r$}F$)S-r-siB5st; 

m 4 (©MIS?* ^ j^^-r sm 7 a 8 © h ^ > ^ (D 
mit^ctjii^ztiztjii). mi ~m4©f^i!lS^lrfcL^r 
[CO 7 6] ^-LT. *fS©^i*if*©iSHirteit-5iS 

<t L ^ 3 Pnl ® ^ a S T? # § 4, © t <C -5 . 

[iDffiwmm^fiftBJ] 

[0 1 ] *^©if#i¥if *©teHlcfclt^|tj}5Il 1 

4r-y— iHiss© — pij lei^^sBfeH -e fe . 
[112] 01 ic^^*t^^©ijif^ijigBirtts*ti,^i±0 

[133] g|1 IC:^^+l,S0iJ©IS^^|5iB^|C^$4x-i>t#1tS 

[1114] *^ro*#lf!f^©®fflfrfcit^»^]Si ANC>g| 
*il 4 ^ tr © t ^■r*t6McIB« * *tfc^BJ (r <1 -i, apj^ = 

+-y— [HiK©-0ijir o L^-c©***:^)*^!] ^*-r [HimgS^ 
[El 5] ^^*^i^^*l,Tt^«)^sgs^£+-9— iHiK^^-r 

[@6] lil5|CS^$^X*^»i;lK5:1r-b— lHl^©|jie3(-«t 

Affile] i%^^@-e o 
[^7] El5lcS^*+t^^iSSR5^-9— IHlK©l!lf^^?S 

[08] E5IZ:5^^?H-5^IS3SS^-9— ©^©fftftlftB^ 

[??-#©IJi?§] 



3 1, 3 2. 3 3. 3 4. 3 5, 3 6. 
1 , 5 2. 6 1. 6 2 K'^l/i^X^ 

m^w 4 1.42 iftssmas 



3 7. 3 8. 5 
4 0. 4 4 
4 5. 4 6 



esSaSSP 4 7 A. 47B Ui:tl5S^ 5 3 

6 3 ggSIS 54. 55, 56. 64. 65. 66, 

7 ^mm^ 5 7. 5 8mEfe*af 
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:Vk=2'VT, - 
:Vk=6 VT, - 
:Vk=lOVT 
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: Vk=A-VT, 
Vk=8-VT, 
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